Introduction: Postnatal growth restriction is considered a universal problem in extremely premature infants (EPI), and causes great concern due to the possible relationship between nutrition, sub-optimal postnatal growth, and neurodevelopment delay. Objectives: To describe the weight gain in EPI and to determine the changes in the length and head circumference (HC) at hospital discharge in survivors.
Introduction
Postnatal growth restriction has been noted as a universal problem in very low birth weight (VLBW) preterm infants, independently of the level of care or intensity of the facility where the infant is born. 1, 2 Growth during childhood is customarily assessed through comparison to tables of percentiles for different anthropometric values obtained from the study of large samples of the population. In the case of preterm infants, growth curves have usually been developed using cross-sectional anthropometric birth data from newborns of different gestational ages (GAs). 3 The Committee on Nutrition of the American Academy of Pediatrics proposed that the optimal care and nutrition of preterm infants after birth would be those allowing them to achieve a postnatal growth that approximates the intrauterine growth----i n terms of anthropometric measurements and body composition----o f a normal foetus of the same postmenstrual age. 4 However, this outcome is rarely observed in everyday clinical practice, raising considerable concern among health professionals as regards the quality of the care and nutrition provided to these patients. 5, 6 This concern mostly involves the potential relationship between nutrition, suboptimal postnatal growth and motor and/or cognitive impairment in subsequent stages of life.
7--- 10 Embleton et al. remarked on the inevitability of postnatal growth retardation in preterm infants due to the time it takes to achieve recommended dietary intakes, as well as the difficulty in recovering from the additional nutritional deficits accrued during this time, which are more pronounced in more immature and sicker infants. 11 In Spain, Krauel Vidal et al. 12 studied the weight, length and head circumference (HC) at birth and at discharge in a cohort of VLBW infants born at 32 or fewer weeks' gestation in any of 55 Spanish neonatal units between 2002 and 2003 . The main finding of this study was postnatal growth restriction, evinced by a decreased z-score in the 3 parameters under study. Growth restriction was most pronounced in length, followed by weight, which was below the 10th percentile at the time of discharge in 77% of the infants. Another study recently conducted in Spain that included 5470 infants delivered at 22---26 weeks' gestation 13 compared the outcomes of two different periods (2002---2006 vs 2007---2011) . In addition to increases in survival and survival without major morbidity, the study found a significant increase in birth weight in the second period (758.9 ± 160.7 vs 773.8 ± 158.6 g; P < .001), as well as in the weight of survivors at 28 days (991 ± 209 vs 1029 ± 211 g; P < .001) and 36 weeks of postmenstrual age (PMA) (1890 ± 365 vs 1967 ± 377 g; P < .001). These data suggest that there may have been improvement in antenatal care as well as in neonatal care, in general and in the nutritional practices following admission to neonatal units. However, the postnatal growth pattern of extremely preterm infants (EPIs) has not been analysed again in this more recent period of time. The objectives of our study were to: (1) describe postnatal weight gain outcomes relative to PMA in a contemporary cohort of Spanish newborns delivered at 28 or fewer weeks' gestation during their initial hospital stay, and (2) to assess the changes in length and HC between birth and hospital discharge in survivors.
Patients and methods
We studied a cohort of 4522 newborns, all Caucasian, product of singleton pregnancies and without malformations delivered at 28 or fewer weeks' gestation between 2002 and 2011 in the participating hospitals of the Spanish SEN1500 database.
14 Their weight, length and HC have already been analysed and were used to develop new intrauterine growth charts for Spanish EPIs. 15 Our study analysed postnatal weight gain relative to PMA based on weight measurements taken at 4 significant time points: birth, 28 days of chronological day, 36 weeks' PMA and discharge. To assess growth, we calculated the z-scores using as reference the mean values in children of both sexes for each GA in the tables of Olsen et al., 3 which are the tables that best approximate the Spanish population values between 23 and 28 weeks' GA and have values up to 41 weeks. We calculated the z-score as: (patient weight, length or HC − mean weight, length or HC in reference curve for the same GA)/standard deviation of the reference for the same GA. We examined weight gain in three periods: from birth to 28 days, from 28 days to 36 weeks' PMA and from 36 weeks' PMA to discharge from hospital. To calculate the weight gain velocity (WGV, in g/kg/day) we used the exponential method, which has proven more accurate in estimating actual WGV than 2-point methods and linear regression models normalised for either birth weight or average weight, 16 and, unlike them, is not affected by low birth weight or hospital length of stay. 17 Using this model, the WGV between two time points is estimated based on the following equation:
Data analysis.
We have expressed quantitative variables as mean and standard deviation, and calculated their differences between GA groups by means of analysis of variance (ANOVA). When assessed changes in weight over time with mixed-effects models for longitudinal data, 18 and we used the R programming language for statistical calculations and to generate graphs. 19 For this part of the study, due to the lesser number of observations in patients born at less than 24 weeks' gestation, we grouped the most immature patients (born at 22---24 weeks) in a ''24 or fewer weeks'' category. We fitted separate models for the following categories: ≤24 weeks (n = 629); 25 weeks (n = 674); 26 weeks (n = 958); 27 weeks (n = 1046); and 28 weeks (n = 1213). All models were developed according to the following formula:
where Weight i,j refers to the weight of the ith child in the jth assessment, week i,j is the postmenstrual week, the ˛k term represents the fixed effects of the model, the random variable b i stands for the random effect of the ith child, e i,j for the internal variability and finally node k for the nodes selected to build the spline. Here, z + stands for the positive part of z. The model was estimated under the assumptions that the random effects b i were independent and followed a N(0, 2 b ) distribution, and the random variables e i,j were independent from each other, independent from b i and followed an N(0, 2 e ) distribution.
Results
Of the 4522 patients in the initial cohort, 2 were excluded due to invalid postnatal data. Table 1 shows the total number of patients included in the study and the total number of weight measurements used in the calculations and to develop the graphs. Of the 4520 newborns, 2490 (55.1%) were male and 2030 (44.9%) female. Fig. 1 shows the distribution of birth weights by sex and GA. Girls weighed 5.6% less than boys on average (P < .001). However, for the longitudinal analysis of growth we used the combined values for both sexes for each GA (Fig. 2 ). This figure shows a similar pattern of postnatal growth for every GA, with a slow initial phase from birth to 28 days of life (WGV = 8.0 g/kg/day), a subsequent quickening between 28 days and 36 weeks of PMA (WGV = 14.3 g/kg/day) and once again a slowing up until to hospital discharge (WGV = 11.7 g/kg/day). In the first 28 days, the WGV was significantly slower in the most immature newborns, but these differences disappeared with chronological age (Table 2 ). Fig. 3 shows the mean weight gain curves for each GA group from birth to discharge from hospital, compared to the adapted Olsen et al. tables. 3 We can discern a initial curve that slows down with a progressive ''loss'' of weight percentile, which decreases from the 50th percentile at birth to the 3rd to 10th percentile in the first weeks of life. This deceleration lasted longer in the most immature newborns, but from week 30 to 32 of PMA, the curves tended to gather around the 3rd to 10th percentiles until hospital discharge. Table 3 Patients  21  145  463  674  958  1046  1213  4520  Measurements  44  336  1277  2104  3135  3571  4213  14 680 z-score at each of the analysed time points. At birth, our patients had z-scores near zero, reflecting values similar to those in the reference curves. Later on, at 28 days post birth, the z-scores decreased for all GA groups by approximately 1.25 points, which reflects a postnatal growth retardation that became more pronounced by 36 weeks of PMA (z of approximately −1.6) and was sustained until discharge (z of approximately −1.7).
When it came to length and HC, we could not graph growth curves due to the lack of intermediate measurements. Tables 4 and 5 show the length and HC values at birth and at discharge with their corresponding z-scores. For both variables, the z-scores of our patients at birth were near zero, that is, they were at the 50th percentile in the reference tables. However, at the time of discharge the zscores for HC had decreased by approximately 0.7, roughly approximating the 25th percentile, and by about 2 for length (≤3rd percentile).
Discussion
Our study, which analysed a large contemporary cohort of EPIs representative of every geographical area in Spain, showed that despite recent advances in perinatal care and the theoretical improvements introduced in the nutrition of very preterm infants, growth in the early weeks of extrauterine life is slower than intrauterine growth. Although the chosen time points for weight measurement were arbitrary, the WGV followed a sinusoidal pattern, which could result partly from clinical and partly from methodological aspects. We observed a slow weight gain in the first weeks of life, Weeks of gestation = 25
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Weight (g) 30 35 40 45 Weeks of gestation = 26
Weight (g) 30 35 40 45 Weeks of gestation = 27
Weight (g) 30 35 40 45 Weeks of gestation = 28
Postmenstrual age (weeks) Weight (g) Figure 2 Weight gain curves by GA at birth and by PMA in extremely preterm infants in Spain. SEN1500 (2002---2011). which could correspond to an increased metabolic rate during the period of adaptation to extrauterine life and the most critical stages of acute illness in these patients, as well as the real or perceived difficulties in providing adequate nutritional support. 20 Furthermore, during this phase, the most immature newborns, who were probably also more critically ill, grew considerably slower than newborns with greater GAs. Later on, we observed an acceleration phase, with a WGV from 28 days post birth to 36 weeks of PMA that approximated foetal growth for equivalent GAs. During this phase, the differences between GA groups disappeared. A possible explanation is that the data collected during this period corresponds to survivors, and therefore to less critically ill patients, as those who died did so at a median of 5 days (interquartile range, 2---14.25). However, starting from 36 weeks, the data correspond to patients that remained hospitalised, in whom complications and underlying disease were probably more frequent, which could account for the renewed slowing of weight gain found in our study. At any rate, our data includes all the patients that were available at each time, and therefore their longitudinal growth pattern may reflect multiple circumstances in addition to nutritional support, such as genetic factors, environmental factors, disease severity, complications, etc. In fact, it is estimated that 50% of the variance in early postnatal growth is due to non-nutritional factors. 21, 22 A recent study showed that healthy preterm infants adjust their extrauterine growth trajectories to −0. Figure 3 Mean weight gain curves for each GA group from birth to hospital discharge, against the standard curves adapted from Olsen et al. 3 (weighted mean weight of both sexes for each GA). Table 4 Length at birth and at discharge in extremely premature infants. The PMA at discharge for each GA is shown in Table 3 .
percentile after their initial physiologic adaptation, which could be considered a natural transition from intrauterine to extrauterine growth trajectories. 23 An ''adequate'' weight curve is usually considered indicative of a healthy infant. However, in the case of preterm infants, we do not know with certainty which are the best reference standards, nor which growth pattern leads to the best possible outcomes in the long term. Preterm birth itself may be the final outcome of a complicated gestation, which means that preterm newborns could have weights below those of foetuses of the same GA that remain in utero. 24 Furthermore, the extrauterine environment constitutes a drastic change for newborns that requires the activation of multiple adaptive mechanisms, with all the changes in metabolic rate and energy expenditure that this entails, and is compounded by the illness associated with prematurity, which may complicate the initiation and maintenance of enteral and parenteral nutrition. 25 On the other hand, we ought to note that weight gain itself is not necessarily indicative of adequate nutrition, as it does not guarantee adequate changes in body composition. Everyday clinical practice and most studies Table 5 Head circumference at birth and at discharge in extremely preterm infants. The PMA at discharge for each GA is shown in Table 3 .
do not differentiate between gains in lean mass and fat mass. Modern air-displacement plethysmography systems facilitate the assessment of body composition and weight gain quality, 26, 27 which combined with anthropometric measurements and the clinical follow-up of patients could help increase our knowledge or estimation of optimal growth patterns. 28 Accelerated growth could lead to the development of metabolic and cardiovascular complications, while excessively slow growth has been associated with poorer neurodevelopmental outcomes. 7---10,29 In fact, to date, none of the growth patterns has proven superior to others as regards medium-to long-term health outcomes. Some authors recommend against assigning patients target percentiles based on their birth weight, and instead proposed that they be assigned based on weight at 2 ---3 weeks post birth, that is, once weight gain has steadied. 30 The association between growth and motor and cognitive development in patients is still subject to debate. It is generally accepted that EPIs are at high risk of both postnatal growth retardation and adverse neurodevelopmental outcomes. 31, 32 However, the causal relationship between these two phenomena and their potential mechanisms remain largely unknown. A recent study showed that a weight gain in the lowest quartile between 7 and 28 days of life is not associated with neurodevelopmental impairment, 33 suggesting the possibility that underlying brain damage may itself be the cause of reduced growth in some cases. Kan et al. also found no association between intrauterine growth restriction and neurodevelopmental outcomes at age 8 years. 34 Furthermore, this study found that weight at birth and subsequent ages had no significant impact on neurodevelopmental outcomes, while smaller HCs at ages 2 and 8 years were associated with impairment. The authors concluded that current nutritional practices do not have a negative impact on the neurodevelopmental outcomes of children born very preterm, even if their body growth during childhood is smaller compared to their fullterm peers. Lastly, and along the same lines, studies on nutrient supplementation after hospital discharge have also failed to find solid evidence of its benefits on HC growth or neurodevelopmental outcomes. 35 An interesting finding in our study was that postnatal growth restriction was more marked in length compared to weight or HC. This pattern of changes in anthropometric parameters has also been observed by other authors, 36, 37 who have demonstrated that it persists past discharge from hospital. This pattern differs from the classical pattern associated with malnutrition, in which weight is more affected than height and HC. This finding is important, as linear growth reflects the increase in lean mass and protein accretion, which in turn are indicative of the growth of organs, including the brain, whose growth is associated with the increase of neural processing speed in preterm infants. 38 Although the optimal linear growth pattern is also not fully known, recent evidence has shown that reduced linear growth is associated with poorer long-term cognitive outcomes. 37, 39, 40 One of the limitations of our study is that fluid therapy and nutritional interventions were not documented systematically, so we were not able to definitely establish their association with postnatal growth. However, one of its strengths is the large number of patients and of participating units, which makes our findings representative of the anthropometric variations at birth in a large contemporary cohort of extremely preterm infants that, in turn, could be a reflection of current clinical practices. Another limitation is that we do not have long-term follow-up data for this cohort of patients, so we could not determine whether there is an association, at least from an epidemiological standpoint, between growth pattern and neurodevelopmental outcomes.
In conclusion, EPIs exhibit a slow WGV in the first weeks post birth that may be partly explained as a phenomenon of adaptation to extrauterine life. It may be preferable to set the growth targets for these patients during their hospital stay not at the birth percentiles, but at the percentiles that the patient is at when this initial adaptation is complete. In any case, the assessment of growth based solely on weight gain does not seem appropriate. Close monitoring of linear and HC growth is essential for nutritional assessment and probably more important than weight gain in the detection of patients at risk of poor growth or neurodevelopmental outcomes after discharge from hospital.
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